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BACKGROUND 

When, a few years ago, we started investigating tablet 

disintegration, what appeared most appealing to us was the 

dynamic aspect of the disintegration process. 

In the first paper published by our group on tablet 

disintegration, it was stated tnat: "to obtain a rapid 

disintegration, which is a necessary condition for a high 

bioavailability o f  the active ingredient, a disintegrating force 

must develop inside the tablet, capable o f  weakening and breakin?] 

(+) Presented a t  6th Pharriiaceutical Technology Conference, 
Canterbury (England), April 1987 
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2112 CARAMELLA E T  AIL. 

interparticle bonds. This force is generated by the replacerlierit 

of solid/air with liquid/solid interfaces . . . "  ( 1 . 1 .  

At that time, List was publishing a series of very 

interesting articles dealing with the r,ieasurerlient. of swel lirlg 

pressure inside disintegrating tablets (by medns of a stra-irl 

gauge based apparatus) ( 2 , 3 )  and he was able to conclude that the 

pressure development was linked to the presence o f  a swelling 

disintegrant and responsible for the disintegrdtion process. 

Although it was clear that swelling pressure was not the same as 

swelling volume, no definite relationship could be found between 

swelling pressure and disintegration time. Since this earl11 

work, many papers have been published on this subject by our 

group and further research is going on, that we will attempt t o  

sunimari ze. 

DISINTEGRATING FORCE MEASURES 

During our research we also developed an apparatus for the 

measurement of disintegrating force (4) (Fig. 1 ) .  

Basically it consisted of a tablet holder (an empty stainless 

steel cylinder closed at its lower end by a sintered glass disc) 

and a piezoelectric quartz load-washer (Kistler) connected to a 
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TABLET DISINTEGRATION UPDATE 2113 

QUARTZ LOAD-WASHER 

(C) 

+- (b) screw thread a 
~ (d) apertures 

~- (a) sintered glass 
disc 

CYLINDER 

(a4)  load-washer measuring 

(a,) polyethylene disc 

(a2)  sintered glass disc 

head 

(a,) tablet 

ASSEMBLED APPARATUS 
SUBMERGED IN WATER 

F I G U R E  1 

Apparatus for disintegrating force measu,rement (4). 

X - Y  recorder. To effect force measurements, the tablet, whose 

sides were opportunely covered with a waterproof scotch tape, was  

placed on the sintered glass screwed 

on to the transducer. When the assembled apparatus was submerged 

in the immersion fluid, the tablet was invaded froiii its lower 

disc and the tablet holder 
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2114 CARAMELLA E T  A L .  

f a c e  and t h e  f o r c e  d e v e l o p i n g  i n s i d e  i t  was t r a n s m i t t e d  i n  t h e  

a x i a l  d i r e c t i o n  t o  thle load-washer ,  whose o p p o r t u n e l y  amp1 i f  i e d  

s i g n a l  was f e d  t o  t h e  r e c o r d e r  where t h e  d i s i n t e g r a t i n g  f o r c e  

v e r s u s  t i m e  c u r v e  was d i s p l a y e d .  

The a p p a r a t u s  was c o n s t r u c t e d  so  as t o  a v o i d  r a d - i a l  l o s s e s  o f  

d i s i n t e g r a t i n g  f o r c e ,  t o  a s s u r e  an even w a t e r  u p t a k e  f r o m  t h e  

l ower  f a c e  and t o  a s s u r e  a co i t ip le te t r a n s m i s s i o n  o f  t h e  f o r c e  

d e v e l o p i n g  i n s i d e  t h e  t a b l e t .  

I n  d l a t e r  v e r s i o n  ( 5 )  t h e  p i e z o e l e c t r i c  load-washer  was 

r e p l a c e d  b y  a l o a d  c e l l  and t h e  d i s i n t e g r a t i n g  f c l r c e  d a t a  was 

c o l l e c t e d  i n  a computer memory (M inc  111 D i g i t a l ) .  

I n  o r d e r  t o  f u r t h e r  L i s t ' s  f i n d i n g s ,  o u r  approach was t o  exac,iine 

t h e  e n t i r e  d i s i n t e g r a t i n g  f o r c e  development k i n e t i c s .  

S i n c e  t h e  e a r l y  f o r c e  e x p e r i m e n t s  were r u n ,  WE? a t t e m p t e d  t o  

d e s c r i b e  t h e  e n t i r e  f o r c e  v e r s u s  t i m e  c u r v e  b y  means o f  t h e  

f o l l o w i n g  h y p e r b c i l i c  e q u a t i o n  w r i t t e n  i n  t h e  s i m p l i f i e d  f o r m  

where x r e p r e s e n t s  t h e  t ime ,  y t h e  f o r c e  and y and b r e p r e s e n t  

t h e  maximum f o r c e  deve loped  and t h e  t i m e  needed f o r  d e v e l o p i n g  

h a l f  maximum f o r c e ,  r e s p e c t i v e l y .  From t h e s e  two pa ramete rs ,  t h e  
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TABLET DISINTEGRATION UPDATE 2115 

value - - - -  could be calculated, which represents a mean 2b 

disintegrating force development rate value. 

Subsequently, using a computer program run on a Digital Minc 1 1  

( 6 ) ,  disintegrating force versus time curves were fitted 

according to the Weibull distribution function, as described for 

dissolution ( 7 ) ,  rearranged into the form: 

d log [- In ( 1  - F/F, i ]  = b log (t - t ) - b log t 0 

where F is the disintegrating force developed at time t and F,, 

is the maximum force developed; t is the time lag; b represents 0 

the shape parameter of the curve and depends on whether 

sigmoidal, a single first order exponential or an initia 

steaper exponential curve is considered; t represents the t 

parameter o f  the distribution and 

d 

represents the time needed 

a 

me 

to 

obtain 63.2% of maximuni disintegrating force sta.rting froril the 

end o f  lag tine t 
0 .  

These parameters, obtained according to the fitting procedure 

described in ( 6 ) ,  allowed a complete characterization of the 

saturation curves obtained. Moreover a rate pa.rameter termed 

"input" (that is the derivative of the Weibull equation at time 

t = t + Z ) was calculated from the fitted curve. 

"Input" represents an instantaneous value of disintegrating force 

d 
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2116 CARAMELLA ET AL. 

development rate and was believed to be more informative of the 

kinetics of force development. 

D I S I NTiEGRAT I NG FORCE AND U i S I NTEGRAT I ON PROPERT I E S ____ 

We had put forward the hypothesis ( 1 )  that not only the 

maximum disintegrating force but also the t i n w  needed to attain 

the maximum force development was relevant to the disintegration 

velocity . 
As data on disintegrating force became available, this hypothesis 

was given further support.. 

In one of our early papers ( 4 ) ,  1differing series 3f 

acetylsalicylic acial ( A S A )  and A S A  coated tablets, prepared under 

control led conditionls, were examined for disintegrating force 

development. ;:n fact, a linear (:orrelation w a s  found, on a 

log-log scale., betpieen the disintegration time and the - - - -  
ycl 
2 I1 

value, that i s  tile mean value o f  the disintegrating force 

development rate (Fig. 2). 

I n  a subsequent paper ( 6 )  differing series of A S A  coated 

tablet f ormul at ions containing differ -i ng di si ntegrant s or 

disintegrant mixtures in various percentages were prepared and 

examined in detail for force development (Table 1). We observed 
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TABLET DISINTEGRATION UPDATF, 2117' 

FIGURE 2 

Relationship between mean disintegrating force development rate 
(y0/2b) and disintegration time (4). 
(Symbols refer to differing ASA and ASA coa.ted forrnulations 
and figures indicate the increasing order of compression force 
within a formulation). 

that a high value o f  maximum disintegrating force (F, 1 does not 

always correspond to a fast disintegration. For example, although 

mixtures G and A show comparable maximum disintegrating force 

values (at the highest compression force levels) thei'r 

d disintegration times are markedly different. In this case, 
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2118 CARAMELLA ET A L P .  

TABLE 1 

D i s i n t eg r  a t i ci n 
d i f f e r e n t  ASA coated t a b l e t s  (6). 
The composition o f  rriixtures ( g / t a b l e - t )  i s  given below. 

t 11 me and d i s i n t e g r a t i n g f o r c e  parameters o f  

I 4 5  
196 

18 I 4  

I S  26 
16 33  

J 0 

5 3  
5 0  
34 
J J  
5 5  
so 

3 I . 3  
2 I .o 
6 I .o 
7 0.: 
8 0 -  
8 I.! 
8 I .? 

I I  I 1  
IJ I 0  
20 1 . 1  
70 0 0  

I 4 0  0:  

Conlpo s i t i on o f  m i x t 1~ r e  s . 

a A l l  mixtures conta ined  2% (w/w) t a l c ,  F.U. g rade .  bBayer I t a l y ,  
M i l a n .  F . U .  V I I I  IEd. grade.  dElcenia G 250, Eigennianri-Veronelli, 
Milan. e Polyplasdone XL, LAF I t a l y ,  Milan. f S T A - R X  l! i t iU, Eigeninann 
Verone l l i ,  M i l a n .  SAniberlite IRP 88, C.Erba, Plilan. hliynicel ZSB 16,  
Nyma, Holland. 

C 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TABLET DISINTEGRATION UPDATE 2119 

seems to be the decisive factor. In other cases, the opposite 

situation is seen. The comparison between C (third compression 

force level and G (fifth compression force level) mixtures shows 

that similar z values correspond to disintegration time values 

that differ about 50% due to differences in disintegrating forcie 

values. The above examples clearly indicate that: disintegration 

time depends on both parameters and only the joint consideration 

of F, the 

disintegration process. A good correlation was found, on log-log 

the 

d 

and zd allows an evaluation of the kinet-ic aspect of 

scale, between input and disintegration tine (Fig. 3) for all 

tablet series examined in Table I. 

Other authors ( 8 )  have recently examined the effect 

recompression (rework) on the swelling force kinetics of tab 

R made by wet-massing an Avicel PH 101 matrix containing a f 

percentage of an extra-granular disintegrant (Explotab 

Polyplasdone XL or Acdisol 1 .  R 

of 

ets 

xed 

R 
, 

Although the main aim of the work was to relate disintegrant 

efficiency to the rework process, the authors could draw 

interesting conclusion as to the relationship between swelling 

force development inside tablets and disintegration behaviour. In 

particular they confirmed that: "The tablet swellinlg 
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2120 CARAMELLA ET A L  I 

10" lo1 

1) ISINTEC;RATING FORCE DEVELOPMENT RATE ( I N P U T )  

(N/s 1 

FIGURE 3 
Log-log plot of disintegration time versus "input" values. The 
linear regression equation i s  log y = -0 .6076. log  x + 1.3925 
(r = 0.968). 
Key: ( 0 ) A ;  (0) B ;  (0) C:; (0) D; (0) E; (0) F; (0)  G (6). 
(Symbols refer to differing ASA coated tablet forniulations examined 
in Table 1). 

disintegrat 

between the 

disintegrat 

on " 

dis 

ng 

(disintegrating) force alone does not control tablet 

and found a correlation, on a log-log scale, 

ntegration time and a composite time function o f  

force development. They concluded that 
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TABLET DISINTEGRATION UPDATE 2121 

disintegration time i s  related to the overall kinetics of force 

development. 

All these results confirm the relevance o f  the kinetics of 

disintegrating force development to the disintegration process. 

DISINTEGRATION FORCE AND TABLET PROPERTIES 

We also investigated the relationships between the forc:e 

development and various technological parameters and properties 

such as compression force, porosity and crushing strength ( 4 , 6 ) .  

The maximum force developed in a given formulation generally 

tends to increase on increasing compression force (4). This 

observation, formerly made on starch containing formulations (4) 

(Table 2 ) ,  agreed with the reports of certain authors for whom 

the starch grain swelling is more effective at reduced porosity 

values ( 9 )  and/or with the observation that in certairl 

formulations the smaller the pore diameter, the greater the 

capillary pressure developed (10). 

On the other hand this phenomenon, observed also in other 

non starch containing formulations (6) (Table l), could also tic! 

explained by the observation that the swelling or repulsive 

energy of disintegrators can work best when particles are closer 

to one another ( 2 ) .  
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T A B L E  ;I 

CARAMELLA ET A.L. 

Characteristic; of  A S A  Tablets Csntaining Starch or ii::, 
Derivatives (14 1 

Force Hard- Poro- y G  b' US? XI:( 
level n:?ss s i ty i?i s e c G . T .  

h r i  N % sec 

A S A  5 6 30 9 .7  15.3 5"86 12"  
1551 65 6 . 2  35 3 0 ' I  0 !5 18l' 
3 1 0 7 5  6.0 46 .5  53"7;7 32 ' I  

A S A  4 6 12 1 2 . 7  18.3 3 I '  Ql'j 6 I '  

165 65 6 . 5  46.2 &"5 I & 
2 7 3  72 6.4 6 6 . 6  2 2 33 1 2 "  

A S A  3'2 7'; 30 - 20 . 3 127"  112" 
143 8 13 - 31.3 265;' 210" 
2115 163 - 54.9 1045" 6 G O "  

1 13" A S A  9 5  
E 1 cema 181 4!;. 6 8.6 j71.6 2 1 " 15" 

282 5 3 8 . 0  j'4.5 34 ' I  21 I' 

2 6 . 4  1 6 . 7  61 .7  11 

A S A  53  2i1.7 13 .5  15.8 13" 23" 
Sts-RX 19 1 5'!.7 1 0 . 3  1 4 . 7  3 1 " lrj5" 

235 6 6 . 3  5 . 3  14 .5  7 0 "  137" 

yo = maximum disintegrdting fcrce 
b = t i n i e  needed for the development o f  h a l f  maximumi force 
D.T. =disintegration time 
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TABLET DISINTEGRATION UPDATE 2123 

100 10’ 102 

Porosity % 

FIGURE 4 

Log-log plot o f  z 
(0)C; (e)! D; (0) E; (A) F; (a) G (6). (See Table 1 for symbols). 

values versus porosity. Key (0) A;  (0) El;  d 

The disintegrating force development time ( b  lor Zd ) always 

increases on increasing compression force (Table 1 and 2 1 and 

as porosity decreases (Table 2 and Fig. 4). This i s  in agreement 

with the observation that it is related to water penetration (1 : l  
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I n  c e r t a i n  f o r m u l a t i o n s  

deve loped  on i n c r e a . s i n g  compress 

{CARAMELLA ET AI.. 

t h e  i n c r e a s e  o f  maximum forc:e 

on f o r c e  may p a r t l y  compensate 

t h e  i n c r e a s e d  v a l u e  , so t h a t  t h e  r e s u l t a n t  r a t e  parameter., 

" i n p u t "  v a l u e  ( w h i c h  i s  t h e  I d i s i n t e g r a t i o n  v e l o c i t y )  i s  

i n f l u e n c e d  b y  compress ion  f o r c e  on1.y t o  a m i n o r  e x t e n t .  

I n  f a c t ,  t h e  r e l a t i o n s h i p s  between " i n p u t "  and compress ion  f o r c e  

depends on tihe t y p e  o f  f o r m u l a t i o n  ( F i g .  5 ) .  A comp le te  

c h a r a c t e r i z a t i o n  o f  t h e  compact can be o b t a i n e d  b y  p l o t t 7 n g  

c r u s h i n g  s t r e n g t h  v e r s u s  " i n p u t "  v a l u e s  ( F i g .  6!, w h i c h  a l l o w s  a 

v i s u a l  d e t e r m i n a t i o n  o f  m i x t u r e s  f o r  w h i c h  t h e  c r u s h i n g  s t r e n g t h  

can be i n c r e a s e d  w i t h o u t  s i g n i f i c a n t l y  redul:.ing t h e  " i n p u i t "  

v a l u e .  

The outcome o f  a l l  th le work done was t h a t  t h e  " i n p u t "  v a l u e  can 

e t  f o r m u l a t i o n .  I t  i s  

t i s  v e r y  s e n s i t i v e  t s  

So, i f  i t  i s  c o r r e l a t e l d  

be employed as a new pa ramete r  f o r  t a b  

r e l a t e d  t o  d i s i n t e g r a t i o n  b e h a v i o u r  and 

f o r m u l a t i o n  and t a b l e t  s t r u c t u r e  changes. 

w i t h  t h e  c r u s h i n g  s t r e n g t h ,  i t  a l l o w s  an o v e r a l  

t h e  f o r m u l a  examineld. 

As d a t a  on d i s i n t e g r a t i n g  f o r c e  became a v a i  l d b  

t h a t  many exper i r i i e i i t a l  r e s u l t s  c o n c e r n i n g  t h e  

e v a l u a t i o n  

e, we r e a l  

o f  

zed 

d i s i n t e g r a t i o n  

b e h a v i o u r  o f  t a b l e t ;  c o u l d  be f i t t e d  v e r y  w e l l  by t h e  t h e o r y  o f  

d i s i n t e g r a t  i n g  f o r c e  deve 1 opment . 
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10’ 102 

Compression force, h N  

FIGURE 5 

Log-log plot of input values versus compression force. Key 
(0) A; (0)  €3; (0) C; (0) D; (0) E; (4 F; (a) G (6). 
(See Table 1 for symbols . 

DISINTEGRATION MECHANISMS AND DISINTEGRATING FORCE 
- 

When we started investigating disintegrating force development, 

the mechanisms of disintegrant action had been extensively 

studied although no conclusive explanation o f  disintegration 

process had been advanced. 
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Log- 
( 0) 
(See 

10 50 100 

Crushing strength, N 

FIGURE 6 

log plot o f  input versus crushing strength. 
C; (0) D; (0) E; (A) F; (a) G (6). 
Table 1 for synibol s )  . 

Key : A; (0) B; 

At that time many excellent reviews had heen published on t h e  

niechanisms o f  disintegrant action ( 11-13) and iilany different:  

niechanisrns had been proposed, including: swelling (141, 

deformation (15), cdpillarity ( 1 1 1 ,  heat of wetting ( 1 6 ) ,  
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particle-particle repulsion ( 17) , hydrogen bond (annihilation ( 13) 

and so on. 

Keeping in mind that "a force must develop 

compact to promote disintegration" (l),  we tried to 

various mechanisms on the basis of dynamic considerat 

nside the 

group the 

ons, that 

is on the basis of their capability to promot'e disintegrating 

force development. They were grouped in the following manner 

(1,4): 

a) the pressure exerted by the air entrapped in pore structures 

due to a hydrodynamic process or to the heat of wetting 

b) the swelling of the disintegrating agent 

c) the repulsion among particles caused by the contact between 

solid and liquid. 

We also stressed the concept that force is not a mechanism by 

itself but the outcome of a series of events beginning with water 

penetration and leading to the activation of one of the 

mechanisms cited. In this perspective, disintegrating force 

measures might have provided experimental evidence of the 

existence of certain disintegration mechanisms. 

Given these premises and taking advantage c'f the fact that a 

relationship had been established in some formulations between 
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2128 CARAMELLA E T  A L .  

disintegrating force and disintegration tiiile ( 4 , 6 ) ,  we wanted t3 

employ disintegrating force measures tc investigate 

d i s i n t e g r at i on ine c h an i s rli s . 

We started fron swelling and the long lasting discussion dividing 

the supporters of swell 

dis ntegration (2,14), and 

dis ntegration process (13 

Our opinion was that the 

swelling itself but aga 

quantification of the swel 

ng as an important mechanism o f  

those whcl denied its relevance in the 

main argument should not be against 

nst the methods eniployed for the 

ing of disintegrant particles. 

In fact, of all the tests proposed for the evaluation of swelling 

properties, only tiiicroscopic methods ( 18,19,,70) a1 lowed the 

direct observation o f  the increase in disin tegrant particle 

dimensions due to Walter absorption, )whereas all the other methods. 

were based on indirect measurements (hydration capacity, 

sedimentation volume, expansion of pure disintegrant tablets, 

water uptake o f  tablets .... ) (21-24). On the other hand, it i i s  

wellknown that in most cases (limited swelling materials, 

particles that .tend to deaggregate when submerged -in water and so 

on ..) the increase iin particle volume due to swe ling can be 

calculated from the microscopic data with great cliff culty. 
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TABLET DISINTEGRATION UPDATE 2129 

In order to measure particle volume increase in swelling media we 

studied the applicability of an instrumental inethod (Coulter 

Counter) (25). We validated this method with optical microscopy 

and concluded that it provided a rapid, accurate and reproducible 

means for effecting particulate volume measurements both i n  

aqueous and organic media, although with some limitations. It was 

thought to be especially useful for materials exhibiting a 

limited swelling, which can be evaluated by microscopic methods 

with great difficulty. 

In fact with this method we were successful in assessing the 

swelling volume of various disintegrants that had been long 

discussed from the point of view of their swelling capability 

(AvicelR, native straches, cross-linked polyvinylpyrrolidones.. 1 .  

Meanwhile (26) we studied the relationship between the 

ing properties of various disintegrants and the force 

opment in a tablet formulation based on ASA and containing la 

fixed percentage of talc (2%) and o f  each disintegrant (4%). 

It was found that the swelling of disintegrant particles play a 

decisive role in force development: only when a significant 

swelling of disintegrant particles is present does a measurable 

force develops inside the tablet (Table 3 ) .  Although swelling 

is needed to produce force, no simple quantitative relationship 
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2130 CARAMELLA ET A L .  

could be established between the extent o f  particle swelling 

the amount of force developed. 

Subsequently it was put forward that the extent of force 

developed depends on the type o f  interaction between material arid 

fluid (type of swelling: molecular, capillar . . .  ) and not on the 

volume reached by swollen particles (28). 

,and 

On the other hland disintegration occurred in the formulaticin 

examined only when a force was present (Table 3 ) .  The 

rejationship found, on a log-log scale, between disintegration 

time and the disintegrating force development rate ("input") fclr 

all the ASA tablet series examined (Fig. 7) suggested that 

swelling, in order to be effective with respect to tablet 

disintegration, must be capable of promoting the development o f  a 

e tirne (26). 

dated also in a formulatic'n 

based on dicalcium phosphate dihydr'ate ( 2 8 ) .  

Almost at the same time, Bolhuis and coworkers (29) were 

publishing a paper on the action mechariism of modern 

disintegrants, with particular regard to the influence of 

lubricants on the disintegration process of a f-ormulation based 

on d i f f er en t d i c a 1 c i um p h o s p h a t e d i hydrate and con t ii i ri i n g 

suitable amount of force in a 

These results 'were subsequent 

suitab 

y Val 
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TABLET DISINTEGRATION UPDATE 

TABLE 3 

2131 

Relationships Getvieen Par-icle SwellinS o f  Disintegrants Disi'ntsgratina F:rs: 
a c d  Oisintegration Time o f  ASA t a b l e t s .  Cmpression force level 2 5 . 5  k:i (2:6, 
2 7 1 .  

1G5 * 1 2  47.6 * 3 . 3  5 t  2 R A C 3 1 S O L  
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CARAMELLA ET .4L. 

DISINTEGRATING FORCE DEVELOPMENT RATE ( I N P U T )  
( N / s e c l  

FIGURE 7 

Plot o f  disintegration time versus disintegrating force developinent 
rate values for all the ASA tablet series. Brands indicate excperi- 
mental points. The equation o f  the best fitting curve is: 
log y = -1.27 log x t 1.75; r = 0.80 (26). 

disintegrants. They concluded that the swell irig capacity of 

disintegrating agents plays a dominant rDle in the process of 

disintegration when aln hydrophobic lubricant i ;  incorporated in 

the tablet, whereas the swelling capacity o f  the disintegrating 

agent is of minor importance when no h.ydrophobic vehicle is 

present. 

They proposed a scheme of disintegrant action for strong1.v 

swelling materials suggesting that these disintegrants act not 
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WATER PENETRATION 

SWELLING OF DISINTEGRANT 

FORCE DEVELOPMENT 

DISINTEGRATION 

FIGURE 8 

Disintegration process scheme ( 5 ) .  

only by promoting water penetration 

reaction o f  disruption o f  the tablet. 

but also by causing a chain 

We enlarged the scheme proposed by Bolhuis and co. b,y 

introducing the force development between the various steps (Fig. 

8) ( 5 ) ,  since, according to our findings, swelling must be 

capable not only o f  promoting water penetration (29) but also of 

producing enough swelling force to cause bond disruption (at 

least in the formulations examined). 

Our conclusion was that "the role of swelling in the 

disintegration process is to make pore walls hydrophylic so as to 

provide enough swelling force to produce interparticle bonds 

disruption. A continuous network formation around the active 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2134 CARAMELLA E T  A L .  

p r i n c i p l e  p a r t i c l e s  ( 13 )  d e t e r m i n e s  e f f i c i e n t  d i s i n t e g r a t i o n  o i i ' l y  

when i t  promotes a r a p i d  d i s i n t e g r a t i n g  f o r c e  d!eveloprnent" ( 2 7 ) .  

MORE O N  T H E  D I S 1 8 N T E G R A T I O N  M E C H A N I S M  - M O L E C U L A R  S W E L L I N G  

W h i l e  t h e  r o l e  o f  s w e l l i n g  as a dynam 

mechanism ( c a p a b l e  o f  d e v e l o p i n g  a f o r c e )  had 

means o f  f o r c e  measurements ( 2 7 ) ,  expe r  

c d i s i n t e g r a t i o n  

been assessed bsy 

men t a 1 ev i derice 

s u p p o r t i n g  o r  e x c l u d i n g  t h e  p resence  o f  o t h e r  dynamic m e c h a n i s m  

( 1 )  was s t i l l  l a c k i n g .  I n  a r e c e n t  work (28) we t r i e d  t o  q u a n t i f y  

b y  means of  f o r c e  measurements t h e  s i g n i f i c a n c e  o f  d i s i n t e g r a t i o n  

mechanisms o t h e r  than s w e l l  i n g .  

I n  o r d e r  t o  do t h i s  one t a b l e t  f o r m u l a t i o n ,  b ' ised on d i c a l c i u m  

phosphate d i h y d r a t e  and c o n t a i n i n g  a f i x e t j  p e r c e n t a g e  o f  

d i f f e r e n t  d i s i n t e g r 2 n t s  (4%), was checked f o r  b o t h  d i s i n t e g r a t i n g  

f o r c e  and d - i s i n t e g r a t i o n  t i n i e  i n  d i f f e r e n t  e n v i r o n m e n t a l  

c o n d i t i o n s ,  such as a r e  l i k e l y  t o  e l i c i t  d i f f e r i n g  d i s i n t e g r a t i o n  

mechanisms. 

I n  p a r t i c u l a r  measures were e f f e c t e d  i n  d i s t i l l e d  w a t e r  ai; 

d i f f e r i n g  t e m p e r a t u r e  and a i r  p r e s s u r e  c o n d i t i o n s .  S u r f a c e  

t e n s i o n ,  d e n s i t y ,  v i s c o s i t y ,  o s m o t i c  p r e s s u r e  arld w a t e r  c o n t e n t s  

of  immers ion f l u i d  were v a r i e d  a p p r o p r i a t e l y .  The r e s u l  ts  
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obtained indicated that the environmental conditions are likely 

to influence disintegrating force development only when they are 

capable of influencing the swelling properties of disintegrants. 

In particular in all the situations in which water was available 

in lesser quantity (for example in water-ethanol mixtures (Fig. 

9)) or at a slower rate (for example, on increasing immersion 

fluid viscosity (Fig. 10)) to the disintegrant particles, force 

development decreased and disintegration time increased. These 

effects were more marked for those disintegrants that require 

much water in order to swell, owing to their high swelling volumie 

(e.g. PrimojelR and Acdisol 1 .  By contrast, the efficiency o f  

disintegrants like Polyplasdone XL anld Amberl-ite' IRP 88 was 

less influenced by the reduced water availability owing to the 

fact that they develop a high swelling force despite a low 

swelling volume. These findings are also going to be validated in 

other tablet formulations based on different materials. 

R 

The results so far obtained, besides supporting the 

hypothesis of particle swelling mechanism in the disintegration 

process (at least in the formulation examined), also suggested 

further investigation of swelling at a molecular level. 

In order to do this a molecular model should be developed 

attempting to relate the chemico-physical properties of swelling 
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\ go 

10-L 10-1 100 lo1 
INPUr (N/s )  

FIGURE 9 

Re 1 a t  i o n s  h i p be tween d i s i n t e g r  a t i o n  t i me and " i npu t 'I o f  d i bas i c 
c a  1 c i um phosphate t ah 1 e t s . 
F i g u r e s  w i t h i n  t h e  symbols i n d i c a t e  t h e  d e c r e a s i n g  o r d e r  I 2 f  

w a t e r  c n t e n t s  of immers ion f l u i d  ( w a t e r - e t h a n o l  m i x t u r e )  
R 

IRP 88 0) ( 2 8 ) .  
Note t h a t  i n  P o l y p l a s d o n e  XL c o n t a i n i n g  t a b l e t s  f o r c e  development  

s w e l l i n g  i s  a l s o  a c t i v a t e d  i n  a l c o h o l s .  

( P r i m o j e l  'ii 0 ; Ac -D i -So lR  0; Po lyp lasdoneR XI- ; Amberl i t12 

R 

i s  s c a r s e l y  i n f l u e n l c e d  b y  w a t e r  c o n t e n t s ,  s i n c e  P o l y p l a s d o n e  R ;{L 

m a t e r i a l s  t o  t h e  amount of  w a t e r  p e n e t r a t e d  and t h e  aniount o f  

f o r c e  deve loped .  

A b e t t e r  u n d e r s t a n d i n g  of  s w e l l i n g  (it a m o l e c u l a r  l e v e l  s h o u l d  

a l s o  p r o v e  u s e f u l  f o r  t h e  comprehension o f  o t h e r  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TABLET DISINTEGRATION UPDATE 2137 

1 0 - L  10-1 loo 
INPUT (NI's) 

FIGURE 10 

Relationship between disintegration time and "input" of dibas.ic 
calcium phosphate tablets. 
Figures within the symbols indicate the increasing order of 

(PrimojelR 0 ; Ac-Di-Sol 
IRP 88 0) (28). 
immersion fluid viscosity. R R 

0 ; PolyplasdoneR XL A; Amberlite 

swelling-controlled phenomena such as the controlled release o f  

active principles ( 3 0 ) .  

WATER PENETRATION AND DISINTEGRATING FORCE 

The two schemes proposed for the disintegration process, one 

based on water penetration (29) and the other on force 
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development ( 5 , 2 8 ) . ,  seemed to provide the same kind ( o f  

information at least in the case of insoluble formulations ( 3 1 ) .  

However it was felt: that they should not necessarily apply -to 

other kinds of tab1e.t formulations, in particular to soluble 

ones. In fact, preliminary studies had indicated that, in tablet 

formulations where the base material is soluble .in the immersion 

fluid, such as, for example, glucose in water or ASA in alcohols, 

disintegrating force development was hindered (5) (Fig. 11). 

Moreover, -the w r y  interesting papers, published by Lerk and co. 

on the disintegration and dissolution pattern of different kinds 

of lactose (32) had proved that, besides active mechanisms !that 

is those capable of developing a disintegrating force), also 

passive mechanisms, (that is those cdpablt? of weakening 

interparticle bonds without developing repulsion between 

particles), may be responsible for disintegration process. 

It was believed that, when passive mechanisms (such as 

hydrogen bond annihi.lation) are also present;, a poor correlatio,n 

between disintegrat irig force parameters and disintegration time 

was to be expected and that water penetration measurements should 

be better related to disintegration behaviour. 

Consequently we comtliiied water penetration and disintegrating 

force measurements in differing tablet base materials 
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100 

50 

0 

Glucose in iisopropyl alcohol 
Acetylsalicylic acid in watei- 

9 Acetylsalicylic acid in isopro- 
pyl alcohol 

6 Glucose in water 

I I 1 I I I 1 1 I 

0 10 20 30 40 50 
DISINTEGRANT (POLYPLASDONER XL) AMOUNT ( % )  

F I G U R E  1 1  
Effect o f  tablet base material solubility on disintegrating 
force develo ment ( 5 ) .  
Polyplasdone XL was chosen as a disintegrant since its swellins 
is also activated in alcohol, 

a 

(water-soluble, hydrophilic and hydrophobic) such as were likely 

to elicit different disintegration mechanisms. 

Such a study allowed us to 

passive niechanisms in the disintegration process ( 3 3 ) .  

Subsequently (341 ,  to provide a general model describing the 

assess the role played by active and 

relationships between water uptake, force development and 
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disintegration timle depending on the base material employed, we 

set up a "designe13" experiment. Different tdblet series were 

chosen made from either dicalcium phosphate dihydrate '3r 

acetylsalicylic acid or &-lactose monohydrate or p -lactose. 
Three disintegrants with differing swelling properties aiid 

employed in varying percentages, so as to modify formula 

hydrophylicity opportunely, were chosen. 

Data re1a.tive to these tab et series, that: is disintegrat on 

time, disintegrating force deve opment rate and water penetrat on 

rate (expressed, in analogy with force measures, by an 

instantaneous value (of water penetration rate ( 3 2 )  1 ,  were trea-ted 

by multiple regression analysis effected on the log transform of 

both dependent variable (disintegration time) and independent 

variables (disintegrating force development rate and water 

penetration rate). Additional "duniiny" and interaction variables 

were added to the txiotlel to take into account the type of base 

material emplo~yed and the possible interactions between the 

material emp1o.yed and the measure effected. 

Mu 1 t i p 1 e re gr e :; s i on ' I  rl ew 

regress ion" procedure of the SSPS program. Indelclendent variables 

were entered into the regression equation in thli following order: 

c a 1 c u 1 at i on s were effect e 11 s i n g t he 
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water penetration rate, disintegrating force development rate, 

"dummy" variables and interaction variables. As each new variable 

was considered its inclusion in the final regression equation was 

decided on the basis of a statistical test, depending on whether 

it contributed significantly to the regression relationship or 

not. 

It was found that the relationship between disintegration time, 

disintegrat 

depended on 

on its so 

ng force development rate and water penetration rate 

the type of base material employed and in particular 

ubility characteristics. In any case, entering 

disintegrating force measures besides water penetration 

measurements significantly improved the regression relationship, 

even in the case of soluble materials, thus allowing us to 

differentiate among different materials. 

The predictive power of the regression model obtained shall be 

validated on other tablet formulations. 

CONCLUSIVE REMARKS 

So far, we got to certain conclusions concerning the 

relationships between water penetration, force development and 

disintegration. Although the results are reasonably applicable to 
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d i f f e r e n t  

p h en omeno 

k i n d s  01' f o r n i u l a t i o n s ,  

o g i c a l  d e s c r i p t i o n  of the d 

CARAMELLA E T  ALL. 

t h e y  p rov ide  o n l y  a 

s i n t e g r  a t .i o t i  p r  oce  s s . 

The f u t u r e  development o f  t h i s  r e s e a r c h  should  be aimed a t  

two main g o a l s :  a t h e o r e t i c a l  g o a l ,  t h a t  i s  t o  p rov ide  a more 

t h e  d i s i n t e g r a t i o n  p r o c e s s ;  a 

s t  t a b l e t  fo r i i i u l a to i r s  i n  the 

n t e g r a n t  f o r  !?very t a b l e t  base  

phys ica l  e x p l a n a t i o n  ( 3 0 )  of 

p r a c t i c a l  g o a l ,  t h a t  i s  t o  a s s  

c h o i c e  of an i n d i v i d u a l i z e d  d i s  

m a t e r i a l .  
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